S
mall for gestational age (SGA) infants have been reported to be at 1.4 to 2.0 times greater risk for sudden infant death syndrome (SIDS). [1] [2] [3] [4] [5] Other causes of death have also been reported to be associated with being SGA by some authors, 6 7 in particular, preterm SGA infants are reported to have an increased risk of death ranging from 2.4 to 3.6 times that of appropriate for gestational age (AGA) preterm infants. 8 9 Other authors, however, have observed no increase in risk for other causes of death among term SGA infants after adjusting for racial disparities in birth weight. 10 The mechanisms associated with the increased risk for SIDS among SGA infants remain unclear, but some investigators have suggested that the risk may be secondary to the hypoxia these infants are suspected of being exposed to in utero. 11 12 Why in utero hypoxia may make an infant more vulnerable to SIDS has been hypothesised to be related to a reduction of serotonergic receptors in multiple brainstem nuclei. 13 14 Despite the biological plausibility of the hypoxic-related vulnerability of SGA infants for SIDS, comparative studies of just how much greater risk such an infant has for SIDS compared with other causes of death are not replete in the literature. Thus, the purpose of this analysis was to determine whether SGA infants were at greater risk for SIDS compared with other causes of death. The risk of large for gestational age (LGA) infants for SIDS has not been closely examined and an examination of this relationship was thus included in the analysis. Because of a trend towards the reclassification of SIDS deaths to other causes of sudden unexpected causes of death (SUDI), 15 the risk of SUDI excluding SIDS for SGA infants as well as the risk of the remaining residual ''other'' causes of death among these infants was examined for the USA for the year 2002.
METHODS
The 2002 US period infant birth and death certificate linked vital statistics file was used to identify survivors, infant deaths from day 1 to 354 due to either SIDS (International Classification of Diseases (ICD)-10 code R95) or SUDI (ICD-10 codes R00-Y84 excluding R95) or all ''other'' residual codes. 16 17 Demographic characteristics previously identified as associated with SIDS 18 and available from the linked vital statistics files were maternal race, maternal place of birth, maternal education, birth number, maternal tobacco usage, presence of maternal diabetes, pregnancy-induced hypertension, pregnancy weight gain, sex of infant, birth weight of infant and infant gestational age. The 10th and 90th percentile values for birth weight for each week of gestational age from 24 to 42 weeks for each sex within each race-specific category using the 2002 birth cohort was obtained using SAS Proc Univariate. 19 Infants with birth weights less than the 10th percentile for their gestational age, sex and race were labelled SGA, those between the 10th and 90th percentiles as AGA and those greater than the 90th percentile as LGA. Analysis was limited to infants with birth weights of 500-6000 g.
Frequency distributions of the various covariates were determined using SAS Proc Frequency and significant differences in the distributions determined using Mantel-Haenszel x 2 values. Logistic regression models were used to determine the risk of death among infants who were small and large for gestational age independent of potential confounding variables and for examining significant interactions between variables using SAS Proc Logistic. An arbitrary p value of ,0.05 was used to indicate statistical significance. Because SUDI ''unexplained'' deaths differed significantly from SUDI ''explained'' deaths only on prevalence of multiple births (5.0% v 3.3%, respectively) and maternal education (40.8% ,12 years v 38.7%, respectively), and did not differ in the prevalence of small and large for gestational age infants, the two categories were combined and are presented as total SUDI for the logistic regression analyses.
RESULTS
There were 3 273 544 survivors, 1956 SIDS deaths, 2012 SUDI deaths and 11 592 ''other'' deaths with all variables present. The most prevalent cause of SUDI was ''other ill-defined/ unspecified causes'' (ICD-10 code R99) designated as ''unexplained'' SUDI and comprised 40.4% of all SUDI deaths. ''Accidental suffocation in bed'' (ICD-10 code W75) representing 18.7% of the total number of SUDI deaths, comprised the largest proportion of ''explained'' SUDI (table 1). The most prevalent ''other'' causes were ''congenital malformation of the heart, unspecified'' (ICD-10 code Q249) and ''extreme immaturity'' (ICD-10 code P072), representing 4.5% and 4.0% of the total ''other'' cause deaths, respectively ( Non-Hispanic black infants were over-represented among all causes of death compared with survivors (15.5%). Among SIDS victims, 28.5% were non-Hispanic black, and among SUDIunexplained 32.2%, among SUDI-explained 34.0% and among ''other'' causes 25.4% were non-Hispanic black. Among SIDS and SUDI deaths mothers were more likely to: be born within the USA than among those infants who died of ''other'' causes; have fewer than 12 years of education; and use tobacco during pregnancy. Also, the infant's sex among SIDS and SUDI deaths was more likely to be male. Multiple births were more frequent among infants dying of all causes compared with survivors and most prevalent among infants dying of ''other'' causes (13.3%) than among SIDS (5.8%). There was a higher prevalence of maternal diabetes and pregnancy-induced hypertension among infants dying of ''other'' causes. Pregnancy weight gain was similar among survivors, and SIDS and SUDI victims, but it was reduced among victims of ''other'' causes. SGA infants were more prevalent among SIDS (18.8%), SUDI-unexplained (19.7%), and SUDI-explained (18.4%) deaths compared with survivors (9.7%). Nevertheless, the prevalence of SUDI-unexplained infants was highest among infants dying of ''other'' causes (31.8%, p,0.01). There were fewer LGA infants among all categories of death when compared with survivors. The mean age at death was greatest for SUDI-explained causes and least for ''other'' causes.
Logistic regression was used to model the risk for the various causes of death among infants who were small compared with infants who were appropriate for gestational age. The unadjusted odds ratio for SIDS versus survivors among small compared with appropriate for gestational age infants was 2.03 (95% CI 1.82 to 2.27), and for SUDI it was 2.08 (1.87 to 2.32) and for ''other'' causes 4.19 (4.04 to 4.35). Following adjustment for potentially confounding variables, the adjusted odds ratio for SIDS among small compared with appropriate for gestational age infants was 1.65 (1.47 to 1.85), and for SUDI it was 1.78 (1.59 to 2.00) and for ''other'' causes 4.68 (4.49 to 4.88) (table 3).
LGA infants were at reduced risk for all causes of death (table 3) .
Significant interactions were observed between size and gestational age for SUDI and ''other'' causes, and between size and tobacco for SUDI and ''other'' causes. Logistic models were developed to determine the risk of SIDS, SUDI and ''other'' causes for SGA infants stratified by gestational age (table 4) . Compared with infants who were appropriate for gestational age those who were small were at greater risk for SIDS across all gestational age categories. Only the more mature SGA infants (.33 weeks) were at greater risk for SUDI. The least mature SGA infants (24-32 weeks) were at an increased risk for ''other'' causes (adjusted odds ratio 3.92), but those at .33 weeks were at even greater risk (adjusted odds ratio 5.96 and 5.21 for 33-36 weeks and 37-42 weeks, respectively). In contrast, LGA infants were at reduced risk for all causes of death across all gestational age categories.
Logistic models stratified by size and gestational age showed a consistent increased risk for SIDS and SUDI among all sizes of infants of women who smoked compared with non-smokers in all gestational age categories (table 5). The number of infants born to smokers for infants small and large for gestational age at gestational ages of 24-32 weeks and whose death was categorised SIDS or SUDI was very small and does not provide reliable estimates. There was no increased risk of ''other'' causes of death among infants who were small or large for gestational age whose mother smoked in any of the gestational age categories except among AGA term infants, where there was a slight increased risk (odds ratio 1.18). For most gestational age and size categories there was at least a trend to a reduced risk of ''other'' causes of death among smoking mothers.
DISCUSSION
The present analysis confirms other reports that have identified an increased risk of SIDS among SGA infants.
1-5 8 9 Because of the observation of a shift in the classification of SIDS deaths, we also examined the prevalence of SGA infants among infants whose death was categorised SUDI. 15 SGA infants were equally prevalent among SUDI victims, for the most part consisting of infants labelled as dying with ''ill-defined and unspecified conditions'' and ''suffocation''. The implication that the risk of SIDS and SUDI is comparable among SGA infants suggests that there is a great deal of cross-classification of the cause of death between SIDS and SUDI. Alternatively, it suggests a mechanism by which being SGA affects a greater vulnerability to death that is similar in both SIDS and SUDI classified deaths. However, the biological plausibility of a similar mechanism by which being SGA increases vulnerability for SIDS and SUDI seems a little difficult to reconcile because of the externally imposed nature of the causes of most SUDI, such as suffocation. The SGA infant's vulnerability for SIDS has been hypothesised to be related to hypoxic in-utero events that may affect arousability. 11 20 Thus, it seems that either cross-classification issues or potentially two different mechanisms could be working to make the SGA infant more vulnerable to SIDS and SUDI. Nevertheless, the reduction in the odds ratio from 2.0 to 1.6 for SIDS and from 2.1 to 1.7 for SUDI among SGA infants when potentially confounding sociodemographic variables are controlled in the estimation of the odds ratio suggests that a fair amount of unadjusted risk is accounted for by environmental and behavioural factors for both classifications. Although it is undeniable that some increased risk of SIDS or SUDI exists among SGA infants, the risk for ''other'', in particular, perinatal causes of mortality, among SGA infants is much greater (odds ratio 4.15 and adjusted odds ratio 4.68).
Is being SGA an indicator of enhanced vulnerability to SIDS and should it be construed as being in the causal pathway of death from SIDS? As the risk of being SGA among SIDS victims was reduced with socioeconomic adjustment, being an SGA SIDS victim may be merely a proxy for environmental and behavioural conditions that lead to intrauterine growth restriction, rather than being SGA making the infant biologically vulnerable to SIDS or SUDI. Over and above the impact of intrauterine growth restriction, we found maternal tobacco usage to be an independent risk factor for SIDS and SUDI, but not for ''other'' causes of death. Other investigators have reported the consistent risk of SIDS associated with tobacco usage independent of the intrauterine growth restriction effect associated with tobacco use. [21] [22] [23] The observation among infants who were appropriate or large for gestational age that tobacco use is also associated with increased risk of dying of SIDS and SUDI suggests a mechanism for tobacco's purveyance of that increased risk that is not associated with tobacco's growth restricting effects. Tobacco use was not associated with an increased risk for ''other'' causes of death. Thus, it is possible that tobacco use may be a proxy for maternal risk-taking behaviour rather than tobacco directly affecting the biological vulnerability of the infant. In contrast, the protective effect of growth acceleration in utero has received little attention. That the risks for all causes of death were reduced among LGA Table 3 Adjusted odds ratios* (95% CI) for mortality from specified category of death by size at birth infants begs the question of how growth acceleration might be beneficial. This observation is reported after controlling for potentially confounding conditions such as the presence of maternal diabetes and pregnancy weight gain. Whether accelerated in-utero growth might reflect greater maturation of other organ systems than simply an increase in fetal mass deserves further attention. Our analysis is subject to the limitations of all analyses that use vital statistics data. The best estimate gestational age computed by a National Center for Health Statistics algorithm offers a reasonable estimate but does not guarantee the best estimate which would entail ultrasound dating of pregnancies. Maternal variables such as age, race, education and tobacco use are self-reported and subject to recall bias. Nevertheless, the large number of deaths available for analysis in this dataset makes it an important source for the production of the most reliable estimates of national risk. Another major limitation of vital statistics data in the USA is the lack of precision in certifying the type of sudden unexpected infant death category in which an infant is placed. Compared with case-control studies with death scene investigations and parental interviews that allow greater precision in determining the ''unexplained'' or ''explained'' nature of a sudden unexpected death, no such process is standardised in the designation of a category of death in the vital statistics data for the USA. 15 24 25 Thus the great risk for cross-classification of deaths ascribed to SIDS and SUDI in this analysis.
Poverty, environmental conditions, maternal behaviour that includes exposure to tobacco products, and low educational attainment are greater risk factors for SIDS than is fetal growth Table 5 Adjusted odds ratios* (95% CI) for specified categories of mortality for infants whose mothers used tobacco and non-tobacco users stratified by size and gestational age *Odds ratios adjusted for maternal race, maternal place of birth, multiple birth, maternal education and infant sex. ÀNumber of deaths in which mother used tobacco within specific size and gestational age strata. Table 4 Adjusted odds ratio* (95% CI) for specified mortality category of death stratified by size and gestational age What this study adds N Although small for gestational age infants are at slightly higher risk for sudden infant death, these infants are at greater risk for ''other'' causes.
N Growth acceleration appears protective for sudden infant death syndrome as well as ''other'' causes independent of maternal diabetes and pregnancy weight gain.
What is already known on this topic N Small for gestational age infants are at greater risk for sudden infant death syndrome.
N A number of risk factors, such as tobacco usage, pregnancy-induced hypertension and pregnancy weight gain, are associated with intrauterine growth restriction.
restriction. 26 27 That the alteration of infant care practices and the immediate environment of an infant can affect SIDS mortality is now well documented by the ''Back to Sleep'' programme. 28 Greater attention towards better parenting education and infant safe environments may provide more rapidly for further reductions in SIDS and SUDI mortality while our understanding of the biological basis for vulnerability to these causes of mortality moves more slowly forwards.
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